Abstract-Application of existing mobile telemedicine system is restricted by the imperfection of network coverage, network capacity, and mobility. In this paper, a novel telemedicine based handover decision making (THODM) algorithm is proposed for mobile telemedicine system using heterogeneous wireless networks. The proposed algorithm select the best network based on the services requirement to ensure the connected or targeted network candidate has sufficient capacity for supporting the telemedicine services. The simulation results show that the proposed algorithm minimizes the number of unnecessary handover to WLAN in high speed environment. The throughput achieved by the proposed algorithm is up to 75% and 205% higher than Cellular and RSS based schemes, respectively. Moreover, the average data transmission cost of THODM algorithm is 24% and 69.2% lower than the Cellular and RSS schemes. The proposed algorithm minimizes the average transmission cost while maintaining the telemedicine service quality at the highest level in high speed environment.
INTRODUCTION
The rapid growth of wireless communication technologies has led to the development of telemedicine. Telemedicine provides remote monitoring and diagnosis services via information and communication technologies. Wireless Local Area Network (WLAN), Worldwide Interoperability for Microwave Access (WiMAX) and cellular networks are the three wireless technologies widely applied in telemedicine.
WLAN is the most preferable by users due to the high transmission capacity and low network access cost, however, the small coverage area limits the user's mobility support. WLAN based telemedicine systems are typically for indoor application (home, hospital, clinic, etc.) [1] [2] [3] [4] . To tackle the issue in WLAN, researches on cellular network based telemedicine were raised. Authors in [5] [6] [7] [8] present a cellular network based telemedicine system. The advantages of cellular based telemedicine system are that it supports high mobility and offers large service coverage. However, the capacity of cellular network is insufficient for high quality images and continuous video transmission as the channel bandwidth is limited. The high bandwidth Fourth Generation Long Term Evolution (4G-LTE) system is still under deployment. The coverage is imperfect in rural and suburban areas. Consequently, the use of 4G-LTE in telemedicine is limited.
The performance of telemedicine service is dependent on the network quality. Poor network quality will disrupt the health data in transmission. Authors in [9, 10] proposed WiMAX based telemedicine application to provide higher bandwidth than cellular network with extended network coverage than WLAN. Authors in [11] integrate both WLAN and WiMAX networks where WLAN is for indoor application and WiMAX is for outdoor environment. However, handover scheme between WLAN and WiMAX is not discussed by authors. WiMAX technology overcomes the issues of small coverage and insufficient bandwidth encountered by WLAN and cellular network, respectively. Unfortunately, most of the network service providers are ceasing development of WiMAX [12] . As a result, the mobile telemedicine system that relies on WiMAX technology cannot guarantee the users connect continuously to the telemedicine services provider at anywhere due to the imperfection of network coverage.
Each wireless technology has its own advantages and disadvantages. None of them can fully support the telemedicine services in terms of data transmission rate and mobility. Therefore, application of existing mobile telemedicine system is sometimes restricted by mobility, coverage and constraints of data transmission rate issues. The continuous service connection and guarantee of data transmission rate are the two main factors to maintain the quality of telemedicine services. For this purpose, a mobile telemedicine system that has capability of accessing multiple wireless networks is needed so that the system has wider service coverage and guarantee the service quality by connecting to the best network based on the services requirement.
The rest of the paper is organized as follow. Section II reviews the existing handover algorithms in heterogeneous networks. In Section III, the framework of mobile telemedicine is introduced. Section IV descries the proposed THODM handover algorithm for mobile telemedicine system. The performance of the proposed algorithm is discussed in Section V. Finally, Section VI concludes the paper. www.ijacsa.thesai.org
II. VERTICAL HANDOVER IN HETEROGENEOUS NETWORKS
Vertical handover in heterogeneous network is a process of the mobile terminal (MT) migrating network connection from one network technology to another. The vertical handover process can be divided into three phases which are handover initiation, decision and execution [13] . The handover initiation phase discovers and obtains available network information via Media Independent Handover Function (MIHF) [14] . The handover decision is a process of selecting the most suitable network based on the calculated network information and triggering handover at the right time. Executive phase is establishing the connection with targeted network and releasing the old network.
Numerous handover decision making algorithms have been previously proposed. A received signal strength (RSS) based handover algorithm introduced by [15, 16] reduces handover failure rate from WLAN to cellular network based on the MT's speed and handover latency. Authors in [17, 18] proposed a prediction based handover decision scheme to estimate MT dwelling time in WLAN coverage. Mobile terminal triggers handover to WLAN cell if and only if the estimated dwelling time is greater than the time threshold. However, high handover delay is observed because these methods need to take two RSS sample points (P 1 and P 2 in Fig. 1 ) within WLAN coverage for dwelling time estimation process. This processing time will reduce the dwelling time within WLAN as soon as the handover process is done at P 2 . Fig. 1 . Scenario of prediction process in [17, 18] Cost function based handover algorithm for wireless wide area network (WWAN) and WLAN integrated networks has been proposed by [19] . The results showed that WLAN is more preferred than WWAN due to the low network access cost. Also, authors in [20] proposed a cost per signal-to-noiseplus-interference-ratio (SINR) function to improve the throughput and reduce the cost for accessing the integrated wireless networks (WLAN and WWAN). In this approach, authors assumed total cost equal to packet transmission cost plus handover processing cost. However, MT's velocity is not considered by these schemes. The small coverage of WLAN cell will lead to high number of unnecessary handovers in high mobility.
Authors in [21] [22] [23] proposed a multiple attribute decision making (MADM) based handover algorithms. In these schemes, a weighting system is given to the handover criteria based on user preference. The network candidate that scores the highest weight sum is selected as a handover target. Recently, intelligent based MADM handover algorithm is presented to improve the performance of handover. A NeuroFuzzy based MADM handover algorithm is proposed by [24] . Authors in [25] presented Fuzzy based MADM handover algorithm. Furthermore, Artificial Neural Network (ANN) based handover decision making in heterogeneous networks is presented in [26] . The disadvantage of using intelligent based handover algorithm is high handover latency caused by ANN learning/training, and Fuzzy Logic fuzzification or defuzzification processes. Moreover, handover latency further increases while more handover criteria are taken into account.
In high speed environment, most of the handover algorithms optimize their performance by predefining a speed threshold for WLAN. MT triggers handover to WLAN if and only if MT's speed is below the predefined speed threshold to avoid the handover failure and unnecessary handover to WLAN. The application of WLAN is restricted to static or pedestrian navigation environment [27] . For example, authors in [21, [28] [29] [30] predefined the speed threshold for WLAN at 10m/s and below (depending on the radius of WLAN). In addition, Fuzzy MADM based handover algorithm presented by [25] and [31] set the fuzzy if-else rule, "if MT velocity is low then the probability of rejecting WLAN is low; else the probability of rejecting WLAN is high". In this paper, Telemedicine based vertical handover decision making (THODM) algorithm is proposed for mobile telemedicine system aims to maintain the quality of telemedicine service at the highest level with minimum cost in high speed environment.
III.
FRAMEWORK OF MOBILE TELEMEDICINE SYSTEM IN HETEROGNEOUS NETWORKS Fig. 2 shows the proposed mobile telemedicine system framework. The telemedicine device is integrated with various type of electronic health sensors such as pulse oximetry, body temperature and Electrocardiogram (ECG) sensors. The signals or data collected by these sensors will be analyzed by an embedded self-interpretation algorithm [7] . In case an abnormal health signal is detected, the system will set patient health condition (PHC) to "LOW" or "0" and give priority to "Critical" buffer to transmit the abnormal health signal to hospital to let the patient get treatment promptly. The PHC is set to "HIGH" or "1" when the patient is in normal health condition. The health data is stored in the "Non-critical" buffer queue for transmission via WLAN or cellular network.
Telemedicine based handover decision making (THODM) algorithm assists the device to select the best wireless network to transmit the patient's health data to hospital based on the inputs from accelerometer, MIHF, user setting (e.g. video, audio, signal, image, etc.) and predefined database. The function of these modules is illustrated in TABLE I. 
Modules Function Accelerometer
Measure the MT traveling speed.
MIHF
Discover neighbouring networks and measure the network quality.
User setting
Monitor type of telemedicine services applied by user.
Database
Contains predefined values such as RSS threshold, network tariff rate, and minimum data rate required by each type of telemedicine service. These values will be the reference values for THODM algorithm during handover decision making.
IV. THODM ALGORITHM
THODM algorithm consists three structured phases of self-inspection, pre-handover filtering and network selection. The handover parameters required by this algorithm are RSS, Signal-to-Noise ratio (SNR), data rate requirement (DR REQ ), cost (C), and velocity (v). The RSS and SNR parameters can be obtained via MIHF. The MT's velocity can be measured using an accelerometer. The network access cost and DR REQ are predefined and stored in the database or memory of the telemedicine device.
RSS measurement is used to discover the neighboring wireless networks. The SNR parameter is for algorithm to evaluate the capacity of the available networks. In order to guarantee the quality of telemedicine services, the connected or targeted network candidate must has sufficient capacity to support the data rate required by telemedicine services. The priority level and DR REQ of telemedicine services is shown in Table II. THODM algorithm also takes network tariff rate into consideration with the purpose of reducing the data transmission cost of telemedicine services. The parameter velocity is used to estimate the dwelling time within WLAN coverage. The energy saving issue is not considered in this work because THODM algorithm is mainly designed for high speed environment such as ambulance or vehicle based telemedicine system. The system could be powered by the power source from ambulance or vehicle. 
A. Self-inspection Phase
In self-inspection phase, THODM algorithm monitors the RSS of current connected network (RSS CCN ), SNR of current connected network (SNR CCN ), and DR REQ periodically to ensure the capacity of current connected network fulfills the services requirements. The current connected network (CCN) can be WLAN or cellular network. Assumed the cellular technology that integrated in the telemedicine device (Fig. 2) is Universal Mobile Telecommunication System (UMTS) network. The proposed algorithm is continuously searching for WLAN if the current connected network is not a WLAN. THODM algorithm gives priority to WLAN because WLAN provides high capacity with lower cost. The transmission cost can be reduced by optimizing the connection to WLAN. The quality of current connected network (Q CCN ) is determined by:
where F( ) is a unit step function as shown in (2) where the output is equal to 1 if RSS CCN is greater than RSS CCN threshold ( ), otherwise 0.
SNR REQ_CCN is a dynamic SNR threshold defined based on the sum of the data rate of the telemedicine services that applied by user, DR REQ . It can be calculated by using Shannon-Hartley theorem and given as ( ) (7) Therefore, set of SNR values for both WLAN and UMTS networks is given by:
In the case of or CCN ≠ WLAN, THODM algorithm scans for neighboring wireless network to find a better network candidate to support the telemedicine services. The detected available network candidates will proceed to the pre-handover filtering phase. Conversely, if no available network is detected, the proposed algorithm will deactivate the lowest priority service systematically in order to adapt to the current connect network [34] . The higher priority services that supportable by current connect network are remaining active with guarantee of service quality.
B. Pre-Handover Filtering Phase
Pre-handover filtering phase consists of dwelling time prediction and network quality evaluation processes. The dwelling time prediction process applies to WLAN cell only whereas the network quality evaluation process is applied to all the available networks. The aim of dwelling time prediction process is to avoid unnecessary handover to WLAN in high speed environment. The proposed dwelling time prediction process predefined two RSS thresholds: RSS boundary (RSS boundary ) and RSS threshold (RSS th ). RSS boundary represents the edge of the WLAN coverage and RSS th denotes minimum RSS for reliable packet delivery. MT initiates prediction process once the measured RSS (RSS WLAN ) is greater than RSS boundary . Fig. 3 shows the scenario of MT traveling within the WLAN coverage. MT enters the WLAN coverage at point P entry and exits at point P exit . R is the radius of WLAN cell, r is distance between P In_RSSth and WLAN access point (AP), l is distance between P In_RSSth and P Out_RSSth , and d denotes MT traveling distance from P entry to P In_RSSth . The value of d is varying according to the MT's direction of motion from P entry .
Fig. 3. MT trajectory in WLAN coverage
The distance d is determined by (10) where t d is MT's traveling time from P entry to P In_RSSth , and v is MT's velocity. The ∆ and d m are given as (11) √ (12) The R and r values can be calculated by using the Logdistance path loss model [35] , expressed as ̅̅̅̅̅ ( ̅̅̅̅̅̅ ) (13) where P TX is AP transmit power, d 0 is the distance from AP to reference point (P 0 ) usually 1 m, PL 0 is the power loss at P 0 , ̅̅̅̅̅ is mean of RSS boundary , n is path loss exponent, and ε is a zero-mean Gaussian random variable caused by shadow fading. Similarly, the r value can be measured by replacing ̅̅̅̅̅ in (13) [36] ) and L is a fixed distance of 1 m [37] . In this work, MT monitors RSS WLAN periodically in every meter. The higher the MT's velocity is, the smaller the sample size. The maximum N is limited to 20 to prevent over sampling when MT is at low mobility. The impact of Doppler shift can be mitigated by using the Doppler frequency offset estimation and compensation algorithms that presented in [38, 39] .
The distance l can be determined by using a trigonometric function as follows:
, (16) where ( Fig. 3) and r can be calculated by using (13) . Rewrite (16), (17) By using Law of cosine, angle β can be calculated by (18) into (17), estimated traveling distance l is given as (19) The estimated beneficial time to MT within the WLAN coverage (T WLAN ) can be determined by (20) The duration of T WLAN is depending on the R, r, d and v. The WLAN cell which estimated T WLAN is greater than the threshold time (T WLAN_th ) proceeds to network quality evaluation process, otherwise rejected. The T WLAN_th for unnecessary handover is 2 seconds [17, 18] . The dwelling time in proposed method will be predicted as soon as MT detected RSS th . This improves the previous method in [17, 18] , where the dwelling time prediction is initiated after MT detected RSS th . By using two predefined thresholds, the proposed method reduces the prediction processing time within the dwelling time.
The network quality evaluation process evaluates the quality of all available network candidates except the WLAN cell which estimated T WLAN is less than T WLAN_th . The quality of each network candidate (Q) is evaluated based on the measured RSS, SNR and C values. Q is given as
where each network candidate is represented by k of n candidates and C k is predefined cost per Mb of network candidate k.
In this process, the network candidate which scores less than or equal to zero (Q k ≤ 0) will be rejected. Only the qualify network candidate that is greater than zero (Q k > 0) will be added to a qualify network list (QNL) for network selection phase.
C. Network Selection Phase
The network selection phase usually falls into three possible conditions. The first condition is that the number of network candidates in QNL (U QNL ) is equal to zero. In such case, MT will adjust the services requirement DR REQ by removing the lowest priority service and back to the selfinspection phase. Next condition is only one network candidate in QNL (U QNL =1). MT triggers handover to the sole network directly. The last condition is that U QNL > 1. Typically, the network candidate which has the highest score will be selected as a handover target or the best network. The best network (B) is given as
V.
RESULTS AND DISCUSSION
In this section, performance of the THODM algorithm is evaluated by its number of unnecessary handovers, throughput, and cost of transmission. The evaluation is done by simulating the proposed algorithm at high speed environment (50km/h to 120km/h). Fig. 4 shows the simulation scenario where six WLAN cells are covered by a UMTS cellular network. The scenario involves an ambulance or an MT traveling from point A to point B crossing WLAN_1, WLAN_2, WLAN_3 and WLAN_4. The actual traveling distance l within WLAN_1, WLAN_2, WLAN_3 and WLAN_4 is 71.4m, 43.6m, 34.1m and 19.9m, respectively.
The performance of THODM algorithm is compared with the RSS threshold based handover (RSS) algorithm, Cellular based scheme and ideal solution. The RSS threshold based handover algorithm triggers handover to WLAN whenever RSS WLAN is greater than RSS th . Cellular based scheme always connect to the UMTS network. It represents the existing handover algorithms which set the speed threshold for WLAN and only select the WWAN at high mobility. Ideal solution is a theoretical result of MT connection to WLAN and UMTS network while traveling from point A to point B without any unnecessary handover.
It is assumed network providers reserve certain network channels at each UMTS base station and WLAN access point for telemedicine purpose [11] . These reserved channels have average throughput of 1 Mbps [24] and 6 Mbps [19] for UMTS and WLAN, respectively. Therefore, telemedicine user does not have to worry about the network channel availability. The average transmission cost of WLAN and UMTS is 1 and 5 units cost per Mb, respectively [19] .
The experiment is simulated for 100 loops. The starting point A is set randomly within the range of Ʊ (as shown in Fig. 4 ) so that the ambulance or MT has different starting point A in every loop. The experiment parameter settings are shown in Table III . 
A. Unnecessary Handover
Unnecessary handover is defined as a handover that does not benefit the user. It occurs when user failed to establish connection with targeted network due to an abnormal call release or inappropriate handover and the reestablishment of a connection with previous network is required. The number of unnecessary handover (NUHO) can be determined by (23) where is total number of handover achieved by ideal solution. In ideal solution, any handovers to WLAN_4 will be considered as unnecessary at the speed of 35km/h and above because T WLAN in WLAN_4 (T WLAN_4 ) is less than T WLAN_th . Similar to WLAN_3, WLAN_2 and WLAN_1, an unnecessary handover occurs when the velocity of MT is higher than 61, 78 and 128 km/h, respectively. Fig. 5 and Fig.  6 show the total number of handover and unnecessary handover occurred in THODM, RSS and ideal solution schemes.
The result in Fig. 6 shows that THODM algorithm has less number of unnecessary compared to RSS scheme. This is contribution of dwelling time prediction process which rejects all the WLAN cells that estimated T WLAN is less than T WLAN_th even though these WLAN cells have better network quality than UMTS. 
B. Throughput
The total throughput achieved by MT is dependent on the connection time with UMTS and WLAN, respectively. However, it is affected by the number of unnecessary handovers. The total throughput (T Throughput ) achieved by MT can be determined by [24] ( )-( ) (24) where T UHO is time consumed by each unnecessary handover (2 seconds) [18] , R cellular and R wlan represent average data rate of UMTS and WLAN, t cellular and t wlan denotes total time connected to UMTS and WLAN, respectively. Fig. 7 shows the average throughput achieved by MT based on different approaches (Cellular, RSS, THODM, and ideal solution) in single loop (from point A to point B) at speed of 50km/h to 120km/h. The average throughput decreases when the MT's velocity increases. This is because MT takes less time to travel from point A to B. It can be seen that the total throughput obtained by the proposed THODM algorithm is higher than RSS and Cellular schemes. Furthermore, the throughput achieved by the THODM algorithm is proximate to ideal solution.
The percentage of throughput gain (G) can be determined by
is total throughput achieved by THODM and represents total throughput of RSS or Cellular based scheme. As depicted in Fig. 8 , the throughput of THODM is up to 75% and 205% higher than Cellular and RSS schemes, respectively. 
C. Transmission Cost
Assumed the transmission cost of UMTS is five times higher than WLAN [19] . The transmission cost per Mb (C) can be calculated by (26) where N HO is number of handover, C HO represents handover cost (predefined C HO = 3 units), C wlan and C cellular denote average cost per Mb offered by WLAN and cellular network. As can be seen in Fig. 9 , THODM algorithm has the lowest average cost per Mb compared to RSS and Cellular schemes. At speed of 120 km/h, the average cost of THODM is 24% and 69.2% lower than Cellular and RSS schemes, respectively. CONCLUSION This paper presented a THODM algorithm to support telemedicine service in high speed heterogeneous environment. The proposed algorithm resolves the problems such as limited coverage and mobility issue faced by the existing mobile telemedicine system by selecting the best network according to the services requirement. The dwelling time prediction process in THODM algorithm has successfully reduced the number of unnecessary handovers while optimizing the usage of WLAN in high speed environment. The simulation results show that the proposed algorithm has higher throughput and more cost effective than RSS and Cellular schemes. The proposed THODM algorithm is suitable for ambulance based mobile telemedicine system. The limitation of this work is that we assume the MT moves at constant speed when crossing the WLAN coverage. For future work, we will enhance the dwelling time prediction method in THODM algorithm so that it can accurately estimate the MT's dwelling time in WLAN coverage even though MT moves in dynamic speed.
